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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. Z0460 

MEMORANDUM 

OPP OFFICIAL RECORD 
HEAUH EFFECTS DIVISION 
SCIEN_TIFIC DATI\ REVIEWS 

EPA SEiliEcS 361 
OFFICE OF' 

PESTICIDES AND TOXIC SU STANCES 

SUBJECI': Tribufos (DEF®), Addendum to Chronic/Oncogenicity Study in the Rat 

·ro: Bruce Sidwell PM-53 
Reregistration Branch 
Special Review and Reregistration Division (H7508C) 

FROM: 
.. ~~~--- ///// 1 _3 

Robert P. Zendz1an Ph.D. 
Senior Pharmacologist 
Tox:ccology Br II 
Hea:: Ut Effects Division (H7509C) 

THRCXJGH Kar: llaetcke Ph.D. 
Chief 
Toxicology Br II 
He a:. th Effects Division (H7509C) 

Compound; Trit>ufos (DEF®) Tox Chern #864 

Registration jf074801 Registrant; Hiles 

Review the following document: 

MRID #425536-01 

DP barcode; D185169 

Supplemental ,,,ubmission to EPA MRID No. 423351·-01, Technical grade Tribufos 
(DEF®): A Chronic Toxicity /Oncogenicity/Neurotoxicity feeding study in the 
Fisher 344 Rat:. W.E. Christenson, Miles Inc, Study No 88-271-AA, May l, 1992 
(origional report), Sept 30, 1992 (Report Addendum), MRID 425536-01. 

Conclusions 

In the process of reviewing MRID No. 4233!>1-01 it was discovered that the 
individual data on the electroretinography of the rats was referenced and assign j 

a section number but was not included in the submission. Dr. Van Goethem, the 
Miles toxicologist responsible for the report, was notified of this deficiency 
by phone during the week of June 22, 1992. This document contains the missing 
data. Finalizatwn of my review of the basic document was held up until receipt 
of this docum<mt. I have examined this data and conclude that it does not requir'­
any change in my evaluation of the basic rep::Jrt:. My final review of the basic 
report has bee'l submitted seperately. 

Printed on R yded Paper 
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'5/18/93 
Karl 

Attached ·~ t~e Tribufos document with a recommendation of 
Special He ,·ic•~>'. The followinq is a brief and incomplete 
history oi !::he chernjcal. 

Tribufos i•::P), and its sulfur analog Merphos, were two of 
some 40 c.i••c•ni cals li steel for RPAR (Rebutable Presumption 
Against RE '''''jistration) in 1975-6. The two chemicals were 
considere~J I:!Jsether because Merphos was activated into DEF, 
which is th· cholinestE•rase inhibitor, thus they could be 
expected l•. l1ave the same toxicity and they were both used 
only as d >liants on cotton. 

In 1979 (nH~ 10 4/13/79) I was assigned as pharmacoloqist for 
the DEF/M:·r,lhcs RPAR teal'! and on 7/17/79 completed my n•2urotoxi c 
review of t.!le chemicals. I identified OF-delayed neurotoxicity, 
spinal cord Lesions and the lack of an antidotal study as 
possible i:;sues. During the next two years, the issues on 
these che:1i~als were debated extensively. The ultimate 
conqlusion ~as that OP-delayed neurotoxicity was an issue and 
the.T theu· ..1ppeared to be no 1105 for applicators. However, the 
studies w,,r,, not clear on NOELs and there were Eixtensive data 
qaps. It ''"·' recommended that DCis be sent out to obtain 
the missi··it] ciata. No PD-1 was ever written on the compounds. 
In Novembc L98l a decision document was written returning 
DEF/Merphrs ~o registration but it did not include the 
requircme,-t for the missinq studies. This was done dispitc 
stron~J ob:J·:::t.ions from toxicolo,~y. 

In 1987 ( ;i.!U/87) I wrote a memo to Saunders in re"Jistration 
listing tl··c data requ·irements for DEF/Herphos and e1oted that 
the AgencJ -~~d taken no action on th<~se chemicals since 1980. 

At or sho!tly before this time California notified the 
regitrants )f- these chemicals of tl1e data gaps and required 
the studi,·, .. This started the production of the modern st~dies 
on tribuf (DEF) with which I have been intimately invoLved. 

As an app;) r 
canca led ·1 , 

defoli3nt 

•nt result of the California action the registrant 
reqistrations for Merphos leavinq only one cotton 
the market. 

Attached ~ list of my older memos in my file on this 
topic. It i grossly incomplete since at that time I hac! not 
yet recogni!ed the necessity of keeping everything. Thus the 
written baskground on this case by other members of the RPAR 
group and • e PM is probably lost. 

RPZ 5/18/93 
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4/13/1979 
IYlerno Bur:z1.:::c 
~le rphos (l 

to Zendz.ian 
ic' I RPAR revi el•l 

assignmenl ,•,s pharmacoloqist [or thi:o: task 

7/17/19/Y 
r1emo Zench · Hl to Ghandi 
Neurotoxic 
Delayed n1 
spinal (~CI 

antidotcc; 

{eview of DEF and Merphos 
utoxi city 

lesions 

7/28/l9BL 
l•lemo Chas~.:i'l to Zendz ian 
do complc· u:vi ew of DEF/Merphos 

7/29/l9fJ( 
Memo Zend:;_,Jn to C:hasson 
reply to ~.t"<JVt~ 
in 1979 ~~·~~ support team concluded that data do not support 
action bu :iicl not know how to terminate 
new data :·-:Jicate~J tox r·isk? audit Abu-Donia? 

8/l2/l9Ht• 
Memo Zen~:;; ~n to Brown 
Toxicol<:Jc" ::tudies needed for DEF and Merphos 

8/12/80 
Memo Zend: , :.:n to Hei sa 
requE~st t()j 

EPA Contro~,·r~-

8/28/80 

aLidit Abou-Donja studies on DEF and Merphos 
be-u;!-2452 

Memo Zenu •dn to Browtii) 
~1erphos .:, "· IJEF, Delayed neurotoxicity and Human exposur" 
noMOS ap~l~ icator~.; 

10/9/80 
Memo Zend.~1an to Moore 
Lab audit: r,buu-Don i a 
cannot. de'·' rrn1 ne NOELs from methodoloqy 
requt:st :~~· i :-:; :::or necessary data 

10/2:L;'BIJ 
Memo Auer Jc1Ch to Burnum 
Audit rep1_1r· :::rom FDA 

ll/13;'1% 
l~emo 7.encl,,,dn to Hitch 
Decjsion )l.l(:ment ll/81 
return Llt:i" LD registration 
does not ,,1clude recommendation for studies 
wash harH:. 1_::·· tl1i!_; 
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7/20/87 
memo Zend~'.l <'in to Saunder~; 
Merphos/DEf data requirements 
list of s t J<.l i E·s required 
add speciil studies 
no Agency .~tion since removed fr1Jm RPAR 

Oct 1 :J , l 9 :1 i 
Notice ot risk assessment California 
regulatoq d·•ecision in 60 days'? 
essential ; ~ bibliography 
they ~ill •·ite a "Risk Characterization Document 
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Tr i bufos 

Toxicology Review 

?repared by 

t//<J~ I ~i __] 
PhD 

Senior Pharmacologist 
Toxicology Branch I 
ilealtt1 Effects Divis:ion 
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~- Toxicol<Jgy Su1nmary 

Tri1Lf):3 (UEF®) is an organophosphate, S,S,.S-Tributylphos­
phorotritt,i.:~ate, used to defoliate cutton beforEe mechanical 
harvestin: It is the only pesticide registered in the United 
States Eur l:!·1js use. 

Alttv.u :11 tribufos is an or9anophosphate cholinesterasE:· 
inhibitor 1!"1 animal specjes this is probably not .itB mechanism 
of action ·"· J cotton defoliant. 

Toler J'cr•s for tribufos are listed in 40 CFR as follo~>•s; 

§180.186 'lc ic.Jutylphosphorotrithioate 
A tol•1arce of 0.25 part per million is established for 

residues c C l:he defoliant tributylphosphorotrithioate in or 
on cot ton~:c ·:1. 

§180.272 •,::,~o-Tributyl phosphorotri thioate 
Toler,JilCES are established for residues of the defoliant 

S,S,S-trilctyl phosphorotrithioate in or on raw agricultural 
commoditicc• dS follows: 

4 pat·t ~per million in or OG cottonseed. 
0.02 P·Ht per million (negligible residue) in meat, fat 

and meat lyJroducts of cattle goats 3nd sheep. 
o.ou; 1.at per million (negligible residue) in milk. 

§186.5800 .~,S-Tributyl phosphorotrithioate 
A to •:arce of 6 parts per million is established for 

residues' the defoliant tributylphosphorotrithioate in or 
on cotton:c"'·:d hulls. Such re:o;idue may be present only as a 
result of '~lication of the defoliant to the growing cotton 
crop. 

7\lo h -'r..:.:nces ar·:~ listed for cotton seed o·il. 

The "''.lte toxicity of tribufos is typical of cholinesterase 
inhibitory :hernicals. Siqns of toxicity consist of decreased 
activity, l:~t(~rimation, nasal discharge, salivation, diarrhc,a, 
tremor an" ::mvulsions with death by respiratory arrest. By the 
Oral and c·::mcol routes technical tribufos is classified in 
Toxicity CG~agory II and by the inhalation route Catagory IV. 
No data or< available on eye irritation. Dermal irritation is 
mild to mcci~?rate, Toxicity Catagory '[V. Tribufos is not a 
dermal ser:sitizer. Tribufos has been reported in the scier1tific 
literatur• •s producing or9anophosphate type delayed neuro­
toxicity i 1 tl~.e h~n followi nq single doses. 

The rr JUiremE'nts for subchron_ic oral t:oxic:ity studies in 
the roden1 _trld nonrodent have been waived because acceptable 
chronic sl"L,-;-ies are available in the rat and doq. 

-1-· 
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In a L cay subchronic dermal toxicity study in the 
rabbit (0, .::, 11 & 29 mg/kg/day) signs typical of cholinesterase 
inhibitior, .rnc deaths occured at the high dose. Dose-relatE,d 
cholinestc L).SE· inhibjtion in plasma, RBC and brain was obs('rved 
1 n both sc x~:~:; at all doses. 

In" 9l-cuy subchronic inhalation toxicity study in the 
rut (0, C.Sl, 2.43, 12.2 and ')9.S mg/m3) cholinesterase 
inhibitior ••as observed in the blood at 12, and 59.5 mg/m3 
and in the 'lrain at 59.5 mg/m3. The E:RG (a- and b-waves) was 
depressed 11. the high dose. 

1\ 90-c:.:ry neurotoxic-ity study was performed in the hen by 
the derma] route (0, 2,6, 11 and 42 mg/kg/day). Clinical 
signs und 'Jtstopathology typical of this type of neurotoxicity 
were obsct\.:1:·d at the hi1~h dose. 

In'' ombined chronic toxicity/oncogeniticy study in the 
rat (0, 4, ;o and 320 ppm) plasma cholinesterasE' inhibition 
was observecd ilt 4 ppm, erythrocyte at 40 ppm and brain at 320 
ppm. At 1~::· ppm retinal atropy (deyeneration) was observed in 
all anima::, 3t 12 months while at 24 months ocular damage 
included :al:.aract, lens upaci ty, corneal opacity corneal 
neovascuLllization and rcctinal atropy. Additional h·igh dose, 
toxicity i.o:::1uded autolysis and vacul.ar degeneration of the· 
small i ntf :~ !:_ l r.e and vacular degeneration of the adrenal::; both 
first obs: ,,,od at 12 months. 

A cht"llc dog study (0, 4, 16, and 64 ppm) sh01ved plaE,ma 
cholinesL·r.::ce inhibition at 16 ppm and erythrocyte inhibition 
at 64 pp1n. 1·~·) other toxic effects were observed~ 

A mou,;,•· oncogenicity study (0, 10, 50 and 250 ppm) showed 
dose re1at.d cholinesterase inhibition at all doses. At :.o 
ppm histor•toclogy showed damage to the adrenals and small 
intestine. ~ncreased mortality was o!)served at 250 ppm with 
a stat~sti·:,.i~ly significant incidence of liver hemangiosarcoma, 
small int.(:_·1:1nc u.drenocarcinoma and lJroncjolar adenoma. 

The t Jt combined chronic toxicity/oncogenicity study 
showed no i11crease incidence of tumors. 

A gu~;:~!~itative risk assessment was performed based on 
the mous<! ludy and the following U1*s calculated; 

~la le L _i ' llemangiosarcoma 1. 136 X Lo-1 
Sm::; J I Intestine ,1\denocar c i noma 0.479 X Lo-1 
Cu r1·; ned 2. 227 X lo-1 

Female Al o, ·n~ar/Bronch i olar Adenoma 1. 190 X lo-1 -----
Terat.:·;t:nicity studies in the rat (0, l, 7 and 28 mg/kg/day) 

and rabbit :::, l, 3 an<~ 9 mg/kg/day) were negative. Toxicity 
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-3--

was obser·.cd in the darns but no fetal toxicity was observed 
at the hid•,ct doe>es test<ed. 

In d 
32 and 261 
observed 
reproduct 
Fla and i 

-generation reproduction study in the rat (0, 4, 
,?IIi) dose related cholinesterase inhibition was 
all doses. The only treatment related effect on 

·1 ~1as a significant incerease in dead pups in tt1e 
Jitters at 260 ppm. 

,!~~a~Jenici ty te:::;ts wr:.~re negative~ 

In a ••tabolisrn study tribufos "•as rapidly absorbed, 
extensivu1f and completely metabolised and the metabolic 
products !.!(Jidly excreted. 

A deJ ·1.J.l absorption study of tr i bufos in the rat showed 
significa• skin residue at l, 4 and 10 hours post dose which 
was absori·· I Ctt 168 houu; post dose. t·!aximurn absorption "'a" 34-
44% after 1112 168 hour exposur2. 

The (.r·~:-i remaining ddta qap 15 a primary eye 
study (81·•·1 

:rritation 

Tllrf?l :J>:icological issues have been identified; 
organopbo•p·1~te type delayed neurotoxicity, eye toxicity and 
oncogen.i c · t ·/. 

In a '!lj-·c,ay dermal study in the hen delayed neurotoxicity 
was obscn•.l ct 4;• mg/kc;/day with a NOEL of 11 mg/kq/day. 

In a 9<J-day subchronic inhalation toxicity study in tbe 
rat the ~l·ll Ia- and b-wav<es) was depressed at the high dose 
(59.5 mg/r indicative of a toxic effect on the retina. In a 
chronic t< .. >''.~ity study in th<' rat complete retinal atropy \>iaS 
observ<"d 12 months at: the high dose (320 ppm) .. At 24 months 
ocular cJa1 ,:_;,J,,? included cataract, lens opacity, corneal opacity 
corneal Jl(- .,,,aEcularization and retinal atropy. EX!Jressed 
in mg/kg/ciay the bigh doses in these two studies were essentially 
the same 'mg/kg/day and 16.8-21.1 mg/kg/day respectively). 

A wou:::<· oncogenicity study showed a statistically 
significar1~ 1r.cidence of liver hemangiosarcoma, small intestine 
adrenocarcir:oma and bronciolar adenowa. The rat oncogenicity 
study sl10~0·i no increase in tumors. Based on the mouse study, 
the HED PE:··~~- Review Contmittee classified tribufos as a Class 
C carcjno·~:,:'il and recommended lryw dos<'~ extrapolation by 
calculati1.:" •Jf a Q_l*· 

rrhe :·;)Jbination of three serious toxic efects ~n a 
single ch•· c~l is considered sufficient to recommend Special 
Review of ·ihufos. 
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1:3. Tox.i coJ.~_,JY Profile 

81 Series ,c.,:ute toxicity and Irritation Studies 

81-1 Acute :neal 

Suffic ent data are available on the acute oral toxicity of 
tr ibufos 1 '' cats. Doses tested and rr.ortali ty: ~lale~; 294 
(0/5/), 4;9 (:'/5) and 55') (5/5) rrcg/kg; females 192 (0/5). 235 
(4/5) ann ,•)4 (4/5) mg/kg. LDso both sexes between 192 and 
235 mg/kg. Signs of toxicity at all doses (decreased activity, 
lacrimatic.n. nasal di.scharge, salivati.on, diarrhea, tremor, 
convulsior.,c. Deaths occured within 7 days after dosing. 
Toxicity agory II. MRID 419549-03 

81-2 Acute ')•orrnal 

:luffic ent data are available on the acute dermal toxicity 
of tribuf.: '' in the rabbit. Doses tested and mortality: l•iales 
500 (0/5), .oco (2/5) and 2000 (5/S)mg/kg; Females ~;oo (U/:•), 
1000 (2/5) ;nd 2000 (5/5) mg/kg. LD5o > 1000 and < 2000 ms/kg. 
Toxjc siyr.:~ cJt,served at all doses consisti.ng of muscle 
fasciculut.i HlS 1 decreased activity, perianal stcdn, clear 
nasal di S·J• rrye. Toxicity Cata·gury II. MHID 419549-02 

81-3 Acut nhalation 

Ciuff 1c .nt data are available on the acute inhalation toxicit 
of tri.bufc in the rat. Doses tested in a four hour exposure 

2920, 5690 and 6030 mg/ml; females J 590, 2920 and 
:~igns indicative of cholinesterase j_nhibition were 
~ll doses. The LCso tor males was 4650 (1410-6180) 
'' females 2460 mg/m3. Toxicity Catagory III. 

were; mal~~,.-· 

3190 rng/m' 
observed . 
mg/m3 C~ncl 
t·1RID 42.7e: ·· ·- U I 

81-4 Pri m.cr Eye Irritation 

No de• are available on the primary eye irritation 
properiti•< •lf tribufos. {1, study is required. 

81-5 Prim~r .. ~ Dermal Irritation 

Sufficient data are available on the primary dermal 
irritatior properities of tcibufos in the rabbit. A sinqle 
dermal doc~ of U.S ml of the neat material was applied and 
protected 'v an occlusive patch for four hours. Mild to 
moder . .lte rr,·threma, dry cracked skin and edema were obs<orved 
(primary i ,., itation score 3.7). Toxicity Catagory IV. i•llUD 
418962-03 

-4-
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81-6 Derm.: l ;•;ensitization 

Suffic cnt data are available on the primary dermal 
sens_i t.i zat i ::.n properitj es of tribufos in the guinea p] g. 
Tribufos Wd~ not a sensitizer when tested with the Buehler 
Topical Cl•:·:;<cd-Patch te•3t. MRID 416188-12. 

81-7 Acul> 'lelayed Neurotoxicity 

No d.: t.:; are available on the acute neurotoxic effects of 
tribufos. :.!~erature references and an acceptable 90-day 
dermal st •. df show that tribufos produces organophosphate type 
delay•~d n•'·•Jotoxicity .. ".n acute study is not required. 

82-l Subcl' r '" i c Oral 

No d.:: ' are available on the subchronic oral toxicity 
of tribufos, Studies are not required in the rodent and 
nonrodent 3~)ecies because acceptable chron_ic stud_ies are 
available i 'I the rat and dog. 

82-2 Subcl-'!· Jl1 i c Dermal (21-day) 

Suff1•:ient data are available on the subchronic dermal 
toxicity,,, tribufos in the rabbit. Doses tested, 0, 2, 10 & 

25 mg/kg/·d:' nominal (0, 2,11 s, 29 mg/kg/day actual). At 29 
mg/kg/day l male and 4 females died or were sacrificed in 
extremis •. i i •Jns of dose-related toxicity were observed :ie1 
both sexe• 1t ll and 29 mg/kg/day, with a greater effect at 
the higher lose. Mild to n~derate dermal irritation was 
observed ll & 29 mg/kg/day in both sexes. At termination, 
dose-rc;lal:o.· I depression of cholinesterase activity was observed 
in all do:3•c; in both sexE·s in plasma, erythrocyte and brain. 
Statistically significant depression (p<0.05) was observed in 
rlasma (m, l 'oo) and erythrocyte,; (females) at 2 mg/ky/day C~nd 

in all pattll·eters .in both sexes at 11. & 29 mg/kc;/day. No 
recovery ,,, '; ubserved in erythrocyte and brain activity at 
33-34 clay·a , 14 days jJOSt dose). HRID 420072-01 

l!2-3 Subci·; ,. ,n i c Dermal (90-day) 

No dJ t:' are available on the 90-day subchronic dermal 
toxicity.:[ tribufos. Based on the use pattern, a study is 
not requi r.~ I, 

e2-4 Subc:L ,nic Inhal3tion 

Suffi~: 

toxic] t~ ,_: ~: 

60 mg/rn l 

ent data are available on the subchronic inhalation 
t:ribufos. Doses administered were 0, l, 2, 12 & 

1 nal (0, 0.93, 2.43, 12.2 & 59.5 rng/rn3 actual). 
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Cholinest•,:rl!::C' inhabition in the RBCat 12 & 60 mg/m3 in both 
sexes, in :il<' plasma at 12 & 60 mg/m 3 in males, at 60 mg/m:'. 
in femaleE:, and in the brain at 60 mg/m3 both sexes. The ERG 
was deprce;:iHl (a- and c>- waves) at 61) mg/m3 in both sexes. The 
adrenals sll<lWCd cortical tat deposition at 60 mg/m3 in both 
sexes. f·t!•l • 423998-01 

82-5 Subchr ,\:1.ic tJeurotox.icity 

Sufi cient data are available on the subchronic neuro­
toxicity , I tribufos by the dermal route. A 90-day dermal 
neurotoxj c i c.y study was performE~cl in hens. Doses te:;ted were 
0, 2.6, l ;nd 42 mg/kg/day. Triothrocresolphosphate (TOCP) 
was utili:• J as a positive control at 18 mg/kg/day. Doses 
were appl ''I to the comb. Effects observed in the tribufos 
treated h< to•: '"ere failure to gain weight (LOEL ll m·~/kg/day, 
NOEL 2. 6 r·;,,/k<J/day), ataxia in seven of twelve hens (LOEL 42 
mg/kg/day, \OI~L ll mg/kg/day) and whole blood cholinesterase 
inhibiti011 •:LOEL 2.6 mq/kg/day [LDT]). Histopathology indicative 
of neurot«:o.ici.ty was observed primaraly in the brain and 
spinal co , (LOEL 42 mq/kg/day, NOEL ll m<J/kg/day). ~!RID 
420072-0,, 

83-l Chro 1": Toxicity 

Suff 
tribufos 
preSE?ntec: 
Oncoqen·ic' 

·.·nt data are avai labl" on the chronic toxicity or: 
the rat and the clog. Results of the rat study are 

.claw under Sec 83-5 Combined Chronic Toxicity/ 
} :3tudies. 

A cl nic study was performed in the dog at doses of 0, 
4, 16 & b ~ i-_:,pm. Inhibition of f>lasma cholinesterase was 
observed 1.· both sexes (LOEI, 16 ppm NOEL 4 ppm) as was inhibition 
of e1cytilr ... yt<o cholinesterase in both sexes (LOEL 64 ppm NOEL 
16 ppm), P•lssible decrease in number of erythrocytes at 64 
ppm was :J · :.~~·rved in both sexes .. -:~o other toxic effects w'2r~:: 

observed. MkiD 420072-03 

Suf' 1 • i ent data are available on the oncogenic pot<~nti al 
of tribu1: ,_. INith stucljes i_n the mouse and the rat. Result:3 
of the Idl study are presented below under Sec 83-5 Combined 
Chronic ',. ic:ity/Oncogenicity Studies. 

In ,, l mouse oncogen_i cj ty study, mice were dosed at C, 
lU, 50 or ·iO pmm for 90 weeks .. ~.J:Q_.J2.!2E:I., decreased plasma 
and RBC c~ .:inesterase was observed in both se•es and decreased 
brain cholinesterase in males. At 7H weeks males showed 
decreased ICV and MCH and at week 90 females showed decreased 
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hemat.ocr i i'. ~,t 50 ppm, an incrE1ased number number of malec; 
showed pill• -,e,.s and hunched backs. At 7H v1eeks mah1s showed 
decreased '~V and MCH and at week 90 decreased MCH. At week 
90 female• ;howed decreased RBC count, hemoglobin and hematocrite 
Histopath<>l Jgy of the males showed; adrenals amyloid, epididymis 
hyper·spertttcd~O<.]enensis, small intestine amyloid and vacuolar 
degenerat >n epithelium, spleen hematopoiesis. At 250 ppm 
loose stu<•]; "'ere observ<od in fernale>O>, enlarged abdomen in 
both sexe•, increased mortality/decreased life span in both 
sexes and in8reased food consumption and body weight in both 
sexes. Dec teased RCB count, hemoglobin, hematocri te, MCV and 
MCli was ol,::..-;':?rved j n males and dE·creas,ed RCB count, hemoglobin 
and hernatr:rit.e in females. Hi~;topat.hology in males shovlE,d; 
adrenals L~.;y:~neration, liver hemangiosarcoma*, rectum acute 
inflammat· 11, necrosis and ulcer, small intestine adenocarcinoma*, 
dilated/ <>J:3tE•nded and mucosal hyperplasi,;, In females 
histopathc'l'J9Y showed; adrenals calcification and degeneration/ 
pigmentat :n, caecum edema, liver hypertropy, lung alveolar/ 
bronchiolilt atlenorna*, mesenteric lymph node congestion, 
rectum actit,~ inflamationr necrosis and ulcer, small intestine 
adenocarc Jtna*, dilated/di_stended, mucosal hyperplasia. 
(* stati:o;t 1 :ally significant incrt'ase in tumors) t·1RID 411710-01. 

83-3 Ter~i J0nicit.y 

Sufi ·ient data are available on the teteratogenic potential 
of tribufc in the rat and the rabbit. 

In tt r~t teratology study, pregnent rats were dosed 
orally at I·, 1, 7 and 28 rug/kg/clay (days 6-16). ~1aternal RBC 
and pldSTII~t ·~ilolinesterase acti_vity was depressed at 7 and J8 
mg/kg/day '''~ brain activity at 28 my/kg/clay. Maternal 
weight ga '' wc.s decreased at 2e mg/kg/day. MatE?rnal toxicity 
LEL 7 mg/'.q!Jay, NOEL 1 my/kg/day. Fetotoxic NOEL 28 mg/kg/day 
(HOT). Tr Jfos was not teratogenic in this study. MRID 
401906-0; 

In tl rabbit teratology study, pregnent rabbits were 
dosed at ', L, 3 or 9 mg/kg/day, (days 7-19). Plasma and RBC 
cholinestcr.1se activity were si9nif.icantly reduced at all 
doses on r.~v 20 and RBC at all closes on day 28. Does failed 
to gain wr i·;ht at 9 mg/kg/day during dosing. Maternal toxicity 
LEL 9 mg/f.g/day, NOEL 3 mg/kg/day. Fetal toxicity NOEL 9 
mg/kg/day JDT). Tribufos was not teratogenic in this study. 
~\RID 40191• --.u 

83-4 Repr··L:11:t ion 

Suftici~nt data are available on the reproductive toxicity 
of tribuf< Erom a 2 generation study in the rat. 
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In a : -generation reproduction study rats were dosed at 
0, 4, 32 i'rll ;~60 ppm. Th<e only compound-related effect on 
reproduct Ll was a significant increase in dead pups in the 
Fla and F: .• , 1 i tters (LOEc" 260 ppm, NOEL 32 ppm). Th•e most 
sensitive effect was blood cholinesterase inhibition in 
adults. Tt LOEL for plasma and erythrocyte cholinesterase 
depressio: "'a~: 4 ppm (LOT). No NOEL was determined. In 
pups, d(.-;•cJ ::a.sed cholj nesterase act_i vi ty wa~i greatest at 21 
days ia t: c Fla females and plasma cholinestera;Je activity 
signi fica' t.ly decreased (LOEL 32 ppm, NOEL 4 ppm). HRID 
420401-Cil 

83-5 Comb nn~ Chronic Toxicity/Oncogenicity Studies 

A ral ;tudy is available that satisfies the requirement 
for a comlined chronic toxicity;'onco<;~enicity study (HRID 
423351-0l: 

In a c:Jrnbined chronic toxicity/oncogenicity study in the 
the rat d1 ,:,•>e: were U, 4, 40 and 320 ppm. (males 0.0, 0.2, 1.8 
and 16.8 :n:i females 0.0 0.2, 2.3 anrl 21.1 mg/kg/day) No 
oncogenic ':3ponsE· was observed. Because of the variety of 
nononcoger ' compound related effects observed they are 
listed in c:·dc:r below at the lo•'est dose at which they wer<: 
observec5: 
12 months: 

~ 

:5a le s, Fern ale;; 

decreasc·d • l ""-rna chol i ne<Oterasce l•'l&F 

_!Q_~, 
decreased wnicht gain~ 
decreased :~:3C count, Hemoglobin, hematocrite. M&F 
decreased ·.·:1olosterol, calcium M 
decreaseJ ~~:~~~ cllol.i_nesterase M&F 
l~0_2£!E_ 
decreased wcisht gain F 
increased J:Jo6 consumption M&F 
terrnjnul ( ._.~~:h.:;trnological exam; cataract, lens opacity, corneal 

opacity, ::arneal neovascularization, iritis/uveitis M&F 
termi nul i 1<-;; unrecordable H&F 
decreased ···.•tprotein, globulin, chol<'sterol, calcium M&F 
increased ·;;n H&F 
decreased . '1:.-J .. i n choli.:1esterase tv"1&F 
Adrenals; ,·,cular degeneration 12m H&F 
Eyes; ret i · :~l atropy 12m M&F 
Small intc •l:ir.e; autolysis, vacoular degeneration 12m H&F' 
Eyes; reti ·;.J.l atropy, uveitis, c.Jtaract, neovascularization 24m M F 
Optic ner10;; atropy 24m M&F' 
Small intc r:lr-.e; autolysjs, vacoul3.r degeneration, hyperplasia 241 
M&F 
HR I D 4 2 3 3' ' ···· ··- l 
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84 Series tlutagenicity 
---------~--·--

84-2 ~~u tar:• 11 i city Tests-

Suit cient data are available on the mutagenic potential of 
tribufos. 'i e: ibufos was negative in all tests. 

A mui~Jenicity study was performed in salmonella. 
Tester sy~:t "n~: used were the §_i'i_~monella typhimurium histid.ine 
auxotrops 1A98, TAlOOO, TA1537 and TA1538 as described by 
Ames eta (1975). The test compound was negative without and 
with micrr.S<Jmal activation at concentrations up to 10,000 
ug/plate. ~RID 414591-01 

A stt.rly of unscheduled DNA systhysis was preformed on 
rat primal hepatocytes. The test compound was negative at 
concentral i Jns of 0.0001 to 0.006 ul/ml. Higher concentrations 
were toxic '-1RIIJ 414591-1)2 

A te!l. for chromosomal aberrations was performed in 
chinese h.cster ovary cells. The test compound was negative 
without ara with microsomal activation- Doses tested without 
activatior, rJ.IJ04, 0.007, 0.013, 0.025 and 0.05 ul/ml, sho,ed 
toxicity t 0.025 and 0.05 ul/ml. Doses tested with activation, 
0.007, 0-1 :l, 0.025, o_os and U.l ul/ml, :;howed toxicity at 
0-05 and L ul/ml. MRID 414591-03 

85-1 t1et.al<: l. i_~;m 
Sufi' ,-;,'"'t data are avail_able on the metabolism of 

tribufos, r: the rat. 

In ti' metJbolism study of [l-l4c] 'J'ribufos ;1a:; performed 
in 5 male .:nd 5 female rats sinc;le oral dose, Srng/kg or 100 
mg/kg or ••g/kg/day X 14 days cold tribufos followed by 5 
mg/k9 [ 1- "=I Tribufos- 55 to 80 % was absorbed of >Nhich 90+% 
was excrE~l eel in 72 hours. There was no significant tissue 
residue. ~jsorbed materi_al was extensi.vely and completely 
metaboli z: ._, HRID 42034:i-0l 

8!)-3 Der:n~ ,\bsorption 

Sufi ient data are available on the dermal absorption 
of ti rbuf· 

P. ckr~t.:ll absorption was performed in the rat at doses of 
2.8, 14.0 ~ L'O ug/cm2 and exposures of l, 4 & 10 hours plus 
a 10 hour ~ash with 168 hr exposure. Significant skin residue 
remained fter the soap and water wash at l, 4, & 10 hours 
(30-40%) _ t'w 10 hour residue was mos,tly absorb<"d at 168 hrs. 
Maximum a!_•SiJrption was 34-44 % after the 168 hour exposure. 
MRID 423:Jl C·--OJ 
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Tribul ''' is regi ster"d for food crop uses- Therefore the 
following '•Jide1ine toxicoloqy studies are required for 
registrat.· '', 

81-l Acut< 
81-2 Acul:< 

Jr a_ l 
1 lcrrnal 

81-3 Acut• rnr.alation 
81-4 Prim'" ( Eye lrri tat ion 
81-5 Prim,,,, Dermal Irritation 
81-6 Dermi Sensitization 
81-7 Acute iJt':layed Neurotoxicity 

82-1 Subd'l •>ni c Oral, two speci E:s rodent and non rodent 
82-2 SubcLr-lnic Dermal (21-day) 
82-4 Subcl Jnic Inhalation 
82-5 Subcl:r Jnic Neurotoxicity (if positive in 81-7 Acute Delayed 

Neurc t >:<icity) 

83-1 Chror. i ., Toxicity, two species rodent and non rodent 
83-2 Oncoc;e1icity, two species 
83-3 T<"rat-:•·Jeni city, two species 
83-4 Reprra:Jction 
84-2 Mutac,••.·,icity Tests. 

85-l Meta!- .. ·.1 i E.m 

BJS(~r_i 

followinc; 
as a data 

,,n this assesment of the toxicology data base 
G~ioeline toxicology study has been identified 
:1~ and is required. 

81-4 Primi:t 1 Eye Irritation 

the 
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CJ. Toxicol·JJ•cal Issue" 

l. Or J tnophosphate type d•e>layed neurotoxicity 

Neuuc·l: 1xicity is broadly defined as any effect on the 
nervous sy~3t:cm. The effect may be reversible or irreversible 
and may be :~used by single or repeated dosing. A particularly 
jangerous •·urotoxicity was demonstrated in man during prohibitior. 
~ concocti~1 called Jamaica Ginger was contaminated with tri-o­
cresyl pho:;~hate (TOCP), a component of the organic solvent 
used to pc.,·,,are ginger extract. Victims developed a paralysis 
of the le~s and arms whose severity varied with exposure. Animal 
studies ic<crttified TOCP as the toxic agent and characterized 
a syndrome ~hich has been called Organophosphate Type Delayed 
Neurotoxicity. Subsequently this syndrome was observed following 
accidental 'wman exposure to the pesticide leptophos and the 
experiment~! compound mlpafox, both organophosphate inhibitors 
oE chol i Oi:-:: r·:c:rase. 

Orga1.uphosphate type delay•"d neurotoxicity is characterized 
as follows: ~delay in the order of 10-14 days between a 
single effective dose and the appearance of clinical and 
histopath·:1 l<Jical signs. The appearance of the delayed 
effect welL after recovery from the acute toxicity of the 
compound.:,·, apparent relationship between the compound's 
ability tr •nhibit blood cholinesterases and its ability to 
[Jroduce ti:• delayed effect. The appearances of abnormal:i tics 
of gait wl~ i :h may proceed to complete paralysis and are 
generally irreversible. The destruction of nerve axons in 
the sciati~ nerve and in the spinal cord and the subsequent 
clisappt'ar.cn,:e of the myelin sheath which surrounded the lost 
axons. Th:' ,,c,layed toxic effect can also be produced by daily 
administrsti<Jn of doses which individually will not produce 
the acuter~ ;xic response, i.e., the delayE~d toxicjty _is 
cumu la t i vc 

AnimE studies with TOCP showed that the toxic syndrome 
sould not · produced in rats and mice and was produced only 
with incor~ stent or atypical results in clogs and cats. The 
syndrome 1·"'' been demonstrated in bovine and pr.imatE> species. 
The chick~, has been shown to consistently demonstrate the 
syndrome ~il:!1 the three compounds that are active in man and 
is the sp.=~i~s of choice in modern screening tests for this 
type oft. <ic:ity. 

Repo t 1: 
the chic k•• ,-, 
Johnson l ,­
results ot 

the hen. ·' 

that tribufos produced this type of toxicity in 
were published by Casida et al in 1963, Baron and 

!964 and Gaines in 1969. Gaines reported the 
' single dose toxicity study with tribufos in 
;ingle oral dose of 200 mg/kg was administered and 

the hens ··-~~~rved for the onset of ''leg weakness''. The onset 
of leg wec<1css was delayed 14 to 28 days following administratior 

-11-
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of tri l)uf": dnd was still apparent 30 days after treatment. 
Gai.nes coJ~1ilJ2nted that ''This is somewhat typical of the reac;tion 
oE chicke'"' tu trEeatment with triorthrocresylphosphate, the: 
classical :Hopound studied for thi_s E~ffect .. 11 

In JJ, 1gency sponsored study, Abou-Donia determined that 
tribufos J>tuduced organophosphate type delayed neurotoxicity 
in hens a: I ·cr a single oral dose and with 90-day oral adrninistrat 
Abou-Doni,, Jnd coworkers subsiquently reported on the effects 
of route ,,J numbEer of doses on t:r i bufos neurotoxici t:y ( 1979a&b). 

SinCjh oral doses oE 100, 200, 300, 400, 500, 600 and 700 
mg/kc; pro<iLccrl dose related ataxia indicative of OP delayed 
neurotoxi < i ty. However, deaths v1ere reported at doses of 400 
and up, al J hens died at: 800, 900 and 1000 mg/kq. SinglEe 
dermal do•.• 3 of 400 and 1000 mg/kg produced dose related ataxia 
and histol<'chological evidence in the spinal cord at 1000 
mg/ksr-

Repe.'lco•cl daily doses of 2.~>, 5, 10, 20, 40 and 80 
mg/ks/day pruduced dose related increases of ataxia at shorter 
durations ,-_t dosing with i.ncreasing dose. Deaths occured at 
20, 40 anc. 30 mg/kg/day and survival time decreased, respective 
mean surv •·•l time, 32, 16 and 16 days. Histopathology was 
observed 'tlly in the spinal cord of '·/5 h.ens at 80 mg/kg/day_ 
No effect• ~ere observed at doses of 0.5 and 1.0 mg/kg/day 
for 90 dale- Dermal doses of 20 and 40 mg/kg/day for 90 days 
produced ' ,;,, related ataxia, the time to effect decreaed c1nd 
the sever ·i uf effect increased witl1 increasing dose. 

Basec )n these reports and because the major route of 
tribufos c >: . .>osure was by the dermal 1:oute, the 1\gency re~~uE•sted 
a 90-day u· cncl neurotoxicity study in the hen to determine. 
LEOL and J ••. •I:L doses (MRID 420072:-02). The doses tested '"en:• 0, 
2.6, ll, ,,, '1:2 rng/kg/day tribufos and 18 mtJ/kg/day TOCP (the 
pos i t i ve 1 t: r o l) -

with 
The 
cont r 

il3t sign of toxi_ci.ty, failure to grow when compared 
Ls was observed in the ll mg/kg/day hens at 

approximal· .y day 14. However, significant (p< 0.05) weight 
depressi 011 ·,J.JS only observed in the 42 mg/kg/day at day 35 
and there:.f'er and in the positive control group (TOCP 18 
mg/kg/day:• ;t clay 28 and thereafter. 

The f 1 :·;:;t sign oE neurot.oxicityr ataxia, was observed in 
7/12 hens 42 mg/kg/day starting on day 42 (LOEL 42 mg/kg/day, 
NOEL ll mci•·;cJ/day). Si9ns increased in severity for the 
duration c•E t.he study but were never sufficient to require 
premature · .. tcri fice. 

Sign1 :<:ant (p<0.05) whole blood cholinesterase depression 
was obser'i.,-. J J.t all-doses in the treuted animal~; from day 4 

on. 
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to termin21tior. (NOEL< 2.6 mg/kg/day). In contrast, significant 
whole blo<><l cholinesterase depression was only observed in 
the TOCP hE'L; on days 4 and 25 which is indicative of its 
relativel~· ·,vAak anti_choli.nesterase activity. 

Histt.~dthological observations of the brain, spinal cord 
and Eibul~1rr tibular and sciatic nerves are presented in 
Table A. (,s noted in the heading for the table, grade scores 
of abnorm~il)ties have been converted i_nto nurneri_cal scores. 
The lesior. .,;: OP delayed neurotoxicity is a Wallarian 
degeneraticn of the axon followed by a degeneration of the 
mylin. This degeneration is accompnied by local 'digestion' 
from relect:c'· of cell bound enzymes followed by macropha•=Je 
accululatio)l to scavage the remaining cellular residue. 
For each t i ;:c;ue examined, pathology is assesed under th<2 
followiny .)l~s~rved condi_ti.ons; Degeneration, axonal~ 
demylinati ·1; digestive chamber; macrophage accumulation and 
infiltrate·, lymphatic. For this pathology no increase iC~ 
lymphatic n:: i ltration was observed. 

The ,•il~~ology is clearly shown by the response of the 
Group C hen; to TOCP, the positive control. The primary lesion 
is in the •c;oinal cord, which is imposed on a loVI level of 
backgrounc cesions as shown in the negative control. This is 
followed lesions in the brain and the sciatic nerve and 
its branci ;, Toxicity is clearly established at 42 mg/kg/day 
of tribufc, (~EF). However, there is little if any evidence 
of patholcg,• in the nerves examined. This is typical of the 
progressi,,,. •>f the pathology, The final page of Table A 
summarize :he mean scores for brain and spinal cord showing 
a clear r• .;,Hmse at 42 mg/kg/day tribufos and ltl mg/kg/day 
for tl1e p(~'2;i_~ive control TOCP. 

A der r1l LOEL for OP type delayed neurotoxicity 
of 42 mg/k0/day and a NOEL of ll mg/kg/day for tribufos 
is cl<'3rly ·:.,tahlished. 

In JJ~''' organophosphate pesticides have been observed 
to produce toxic effects on the eye. Extensive human poisoning 
produced~ _;yndrome of effects on vision rangj_ng in severity 
from Dyopi~ t•> congestion or atropy of the optic nerve. Although 
the rc:por'~:3 mentioned exposure to several organophosphates, 
the inforrr31Jon did not permit identifying a particular 
compound J; iJioactive. Experimental studies with the 
organophosp1~te fenthion on rats demonstrated a syndrome of 
toxic efE•,••:t.Ci on the eye beginning with functional abnormalities 
in electri .1 activity and columinating in retinal degener3tion 
following .ronjc dosing. 

In lYH. OPP received reports of chronic st~dies of methyl 
and ethyl J rathion in rats that showed toxicity to the eyes 
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at a dose : C 50 ppm. Retinal degeneration was detected by 
direct oh crvation in females at the high dose and light 
microscop: y detected addi.tional lesions at the same dose in 
females. ~ second ethyl parathion study, received in 1987, 
confirmed ~nd extended these effects at a dose of 32 ppm. 
Terminal ,,L:;ervu.ti ons on the E:yes indicated decreased ERC 
(LEL 8 PP'''• NOEL 2 ppm), gross retinal abnormalities, 
histopath, Jgy indicative of blindness and possible increase 
in catarac .; (LEL 32 !Jpm, NOEL 8 ppm) in the females. 

In l':I:S OPP acted on the parathion reports by requiring 
special e~~ st.udi_es on t!1ese compounds and other organophosphates 
in the r''' ;istration process. 

Ia l':'JJ OPP recei vee! a (6) (2i (2) notification of a 
feeding sl .. t ly of tribufos (DEF) in rc,ts which showed complete 
distructi<." of thE· visual layer of the retina at a dose of 
320 ppm al ··r 12 month,; of dosing. 

The I i nal report of this study "'as received in 1992 
(MRID 423 ·' L-Ul). The doses tested were 0, 4, 40 and 320 ppm 
in the diet_, At 12 months treatment related effects were 
observed 
atropy in 

the eyes. Ocular effects consisted of retinal 
1!.1 high close males and females. Effects on the 

also observed at the 24 month sacrifice. The retina wc1 
unique chc,t 
pathologi: 

1cter of this pathology was described by the 
a_;:; follows; 

11 .RE• t 
rnicroscop· 
the outt::·r 

1111 atrophy, in the 320 ppm groups, was characterized 
1lly by diffuse loss (disappearance) of most of 
•yers of the retina, including the layer of rods 

and cones, Juter 1 imi t i nq membrane (assumed), the outer 
nuclear L) "t, the outE'r plexiform layer, and sometimes 
portions t f t:t·,e inner nuclear layer. The pigment epithelium, 
consideret 1natomically to be the outermost retinal layer, 

t, but contained increased eosinophilic granular to 
·ytoplasmic material which was of sufficient 
distort the cell in some instances. The coroid 

was pr<~se: 

flocculent 
quantity 1 · 

was reduct-· irl thickness i_n approximate relati.on to the 
thickness . the remaining retina; it appeared functional in 
terms <Jf l c.: t"ncy of vessels and the presence of blood. The 
layer of < 1c nerve fibers and the gangljon cell layer v.1ere 
somet i ne:::. -~iuced in thickness, but ~his was variable in 
occurence. '' 

"In the t\~ical presentation at either one or two years, the 
appearance ~as of diffuse loss of the rods and cones, outer 
limiting r.c·nl)rane, outer nuclear layer and outer plexiform 
layer, wit. 1'collapse" of the remaining inner layers onto the 
pigment ct ·::t1el.i urn. Occasional darkstainj ng nuclei, rernnents 
of the out r nuclear layer, could be noted at the edge of the 
remaining i·1ner nuclear layer. In the extreme presentation, 
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the inner !c:clear layer was also affected, with gaps in the 
layer and l i :;tort ions of the normal layered appearance ( i, e., 
it demonstr<Jt<"d a dysplastic appearance) and more thinninq of 
the layer ~an in the control or less affected animals." 

"The • ?L i nal chanqes in the .320 ppm animals were 
essentiall~ confined to that qroup by virtue of being diffuse 
and bilatE,:·ll, and by some evidence that the lesion started 
in the cen.Jal portion of the retina. In several 320 ppm rats 
which died ,,rior t<J one year on study, but later than three 
~onths on ;tudy, early outer segmental deqeneration could be 
detected i '' l!he central portions of the retina. There was nD 
change app~rcnt in the 320 ppm animals which died [immediately] 
following ~ three month bleeding interval." 

"The .cequency of diffuse, Dilateral retinal atrophy at 
one year wJ; (M-0/20, 0/10, 0/10, 19/20*; F-0/20, 0/10, 
0/10, 20.U.·'); in two year rats: (M-l/50, 0/50, 0/50, 50,/50*; 
F-0/5J, 2/,:, 0/50, 40/50*}." I''P_'S_O.OS] 

"Reti ,,,] o.trophy in other CJroups, including the control, 
was clearl; differentated from the lesion in the 320 ppm 
qroup:; i r1 J• vr?ral ways: 

l. ~o31 occurances Df atrophy at two years were peripheral 
in ,·:istri.bution; there were several instances at one 
Y''" also. This change is characterized by t:hining of 
ti1Q ~ortion of the retina near the ciliary body, and 
i; <onsidered an aging change: a one year (M-l/20, 
OIL ,, l/10, 0/20; F-1,/20, l/10, 0/10, 0/20); at 
t•' years: (M-ll/50, 15/50, 21/50, 0/50*; F-30/50, 31/50, 
31]/',[1, 0/50*)." [*p_s_0.0'5] 

2} t•k3t occurances were unilateral atrophy, which was 
tLc'll olly related to an inflamatory change or other 
l:•:;ions: at one year (H--4,/20, l/10, 3/10, l/20; 
P-3'2U, 3/10, 1/10, 0/20); at two years: (M-ll/50, 
Li'>U, 18/50, 0/50*; F-21/50, 24/50, 18/50, 0/51J*}. 
Tre peripheral lesions taken as a 9roup tended to be 
en i i.ateral as well: all at one year and at two years 
( ''- l• /50 , 9/5 0 , l3 /50 , 0/ 5 U * ; F -17/5 0 , 19/5 0 , 15/5 0 , 
0;5tl*). There was no bilateral retinal atrophy in 
c~'~Lr81, 4, or 40 ppm groups at orte year; there was a 
s~3.l proportion in those grcJups at two years (M-5/50, 
6;~'1, 8/50, 50/50*; F-13/50, 16/50, 21/'iO, 41/50*)." 
t'p_,<J.05] 

3) Ele•:t:roretinography showed eOJsenially complete lose: 
ul ~etinal response on stimulation in the 320 ppm 
yr :•up and normal ~E-sponses in the other treated 
gr <")lliJS. This conf·i rmE~d the microscopic impressions of 
c:Jn~J()Und effect in the 320 ppm groups only.n 
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In l0~l a 90-day inhalation study of tribufos in the rat 
was recei\,"d IMRID 423998-01), Doses1 tested were 0, l, 2, 12 
& 60 mg/m" nominal (0, 0.93, 2.43, 12.2 & 59.5 actual). 
Cholinest< rise inhabition was observed in the erythrocytes at 
12 & 60 D<;IIIJ in both sexes, in the plasma at 12 & 60 mg/mJ . 
in males ,,nj at 60 mg/m3 in females and in the brain at 60 mg/m3 
in both sr X·''''· Terminal <'lecl:ruretinograms (ERG) showed depressed 
a- and b- •3Ves at 60 mg/m3 in both sexes. No observational or 
histopathc··li)gical alterations were observed i_n the eyes. 

In tfcr· rat chronic/oncoqenicity study discussed above 
the compound produced a retinal toxicity characterized 
histologic~lly by complete loss of the sensery layer in all 
rats of b<•t:o s1exes aftE•r a minimum of 12 months of treatment 
at a dose l"vel of 320 ppm .. The sensery cells (rods and 
cones) of the retina are the source of the a- wave of the 
electroretinogram (ERG). In this study depression of the a­
wave was. 'l·;erved at the high dose (60 mgjm3). The doses of the 
two studic 3ro presented below and converted into mg/kg/day. 

:. rua la t ion s tudv 
-·-···-- _.,... --------- _L_ 

-~·'"-'~'- mg/k g/ day 

Chronic/on~o studz__ 
EEITI mg/kclfday __ 

males 1:emales 

I!' u.o 0 0.0 o.o 

l. 0. 3 4 0 
,, 

• L (). 2 

' 0. 9 40 l.ti 2. 3 

u. 4. 5 

6U. 2 2. 0 320 16.8 21.1 

The llcJCl dose in each study produced essentially the 
same mq/kc;,iday dose and as such the effect on the ERG in this 
inhalatioc stLdy can be considered predictive of the retinal 
damage obccr~ed in the chronic/ocogenicity study. 

3. Ciro· Jqen i city 

On Fd!I:Uary 3, 1989 the Registrant sent a 6(a) (2) 
letter to •he Agency on the results of a mouse oncogenicity 
study with tribufos. Statistically significant incidences of 
adenocarci~uma/carcinoma in the small intestine in both sexes, 
hemangi os'' ''coma in the liver of the males and a:lveolar/ 
brochiolar 1denoma in the lungs of the females, all at the 
high dose, •ere observed. The report of the study was submitted 
to the AgctJoy in July 1989 and was fowarded to HED for review 
in DecembEr 1989. An H~D peer review of tribufos was held on 
June L3, 19 JO to cons idrer th1o results of the mouse study. '"The 
committee ·ncluded that Tribufos should be classified as a 
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Group~ Pc.·ssi.ble flurnan Carcinogen, and recommended that a ~ow 

dose extr<~olation model be applied to the experimental animal 
tumor datil IJe used for quantification of human risk (Qlt)." 
This ~as 2•r-~ interim classification pending the receipt of an 
acceptabl• rat study. An acceptable rat oncogneicity study 
has been le,eived and is negative Eor tumor production. This 
data will n•t change the June 13th classification. 

A coF~c.inc•d chronic/oncogenicity study in the rat showEcd 
no increar•· in the incidence of tumors at any dose in either sex. 
MRID 4233 l-01. A detailed presentation of the results of this 
study i_s t<J he f.ound in section 2 under 1 Eye Toxicity•. 

Mouse stu(:i-:::s 

A 90 ~·Jek oncogenicity study in the Crl:CD-l(ICR)BR 
strain mous was performed at doses of 0, 10, 50 and 250 ppm 
in the diEt. At the high dose, this study showed an incidence 
of adenoc<•t ;i noma/carcinoma 'in the small intestinE: in both 
sexes which was statistically significant in the females. 
hemangioSiir;oma in the liver of the males and alveolar/ 
brochiolar ldenoma in the lungs of the females (MRID 411710-01). 

Compcc1d related effects were observed at all doses in 
both sexe••· Sffects are presented by dose below at the lowest 
dose at: ;;1: i •:': they were observed. 

Nominal des•.•; of 10 nnm -----·-------·· -------------~ 
Statistically significant decreases in plasma cholineterase 

activity ,l ,.,,cc,ks 53, 78 and 90 all doses in both sexes. 

Stati:'i:ically significant decreases in RBC cholineterase 
activity weeks 78 and 90 all doses in both sexes. 

Stati ;tically significant decreases in brain cholinesterase 
activjty ·.,'eE?k 93 (tr:>rmination) al~- doses jn nales. 

78 in the males, a signi_ficant decrease j_n me~n 

cell volun.r and mean cell hemoglobin was observed at 10 and 
50 ppm and ;ignificant decreases in red cell count, hemoglobin, 
hematocri I, mean cell volume and mean cell hemoCjlobin at 2'•0 
ppm. At w~rk 90 in the males, a significant decrease in mean 
cell hemor l>bin was observed at 50 ppm and significant decreases 
in red eel ccunt, hemoglobin, hematocrit, mean cell volume 
and mean .: hemoglobin at 250 ppm. At week 90 in the Eemales, 
a sign} fic·ant decrease in hematocrite was observed at 10 ppm 
and signif .:ant decreases in red cell count, hemoglobi_n anc 
hematocrit .it 50 and :250 ppm. 
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Stat•ctically significant increased number of males 
showing p .. : -:~:~ness and hunched back. 

Table L octatistically significant histopathological observations, at 50 
ppm, from the· i :1cidence table;. 

Organ & Disease Cont 

Adrenals 50 ----- ----
Amyloid 5/'50 

3.13 

§EididymiE~ 50 

Hyperspermat< l!JTlens is, 2/'50 
NOS 2.0 

Small Intestine 50 

Amyloic, No~:: 6/50 
2.7 

Degeneration. 'l:Jcuolar 0/50 
Epithelium 

~Leen 
Hema topo i es i ~-- , ~IJOS 

~!ALES 

Dose (ppm)__ ______ 
10 ---

50 --·--
6/50 
3.3 

50 

6/50 
2,2 

50 

7/50 
:~. 6 

1/50 
2.0 

50 
.6/50-
2.7 

50 250 

50 "-·----

15/50* 
3 ,. . ) 

50 

l0/50* 
2.i 

50 

20/50* 
2.8 

8/50* 
2. L 

50 
l4/50* 
2.8 

---

50 

9/50 
3.1 

50 

3/50 
2.0 

50 

9/50 
2.4 

28/50* 
2.5 

50 
19/50* 
2.5 

Cont ---
50 -----

4/50 
2.5 

50 

6/50 
2.7 

0/50 

50 
16/50 
2.6 

FEMALES 
Dose (f'[,:)JTI) 

10 ---
50 ---

7/50 
2.4 

50 

9/50 
2.9 

0/50 

50 
14/50 
2.4 

50 

50 

3/50 
2.7 

50 

10/)0 
2.9 

ll/iO* 
l.7 

49 
18/iO 
2.7 

25 i --. 

49 --. 

3/49 
2.7 

50 

8/50 
2.4 

28/5 
2.6 

50 
i0/5 
2.2 

* 

-robserved/#_(_,(_.;n1t"ried;- -mean -ofseveiTty~8odes ( l-5) ; B ; Benign; ~ ; r1aiTqnar1t;-· ·­
NOS; Not OthEr.-li:;,, Specified; *P<0.05 

Nominal d•:";'' of 250 f'Pm 
----- - ·------ -- -·--4---

Statistically significant increased number of females 
showin'l hu:;•• stool and enlarged abdomen and males showi n') 
enlarged .:.' lcmen. 

Incrt:as~d mortality, between 72 and 90 weeks, and a 
concurrent decrease in life span in both sexes. 

Incrcas~d mean food consumption and body weight in both 
sexes durin: the latt<er portion of the study. 
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Table 2. Statistically significant histopathological observations at 250 pp 1 

from the incicience table. Note particuarly the increased incidence of tunors in 
the liver, lm1(J and small intc~stine. 

Or<jan & Di seas(~ 

Adrenals 

Calcificat ic: 

Degener at ion, 
pigmentatic•rc, NOS 

Degeneration , -·JU~ 

Caecum 

Edema, :<OS 

Liver 

Hemangiosaro 'nu 

Hypertropy, ' .. u:; 

Alveolar/bronc: 1 i ola r 
adenoma 

Congestion, 1"u-' 

Rectum 

Inflanunation,. \cute 
NOS 

J\lecros is, NO~ 

~1AL:os 

Dose (ppm) ______ _ 

Cont 10 50 250 

50 

0/50 

17/50 
1.4 

0/50 

50 

4/50 
2.0 

50 

50 

0/50 

15/50 
L.6 

0/50 

50 

6/50 
2.0 

50 

l/50 L/50 
tv1 ~-l 

l/50 0/50 
2.0 

50 50 

ll/50 9/50 
B B 

48 50 

7/4~ 7/50 
1.9 2.0 

45 49 

3/45 
l/7 

0/4') 

2/49 
2.0 

1/49 
2.0 

50 

0/50 

21/50 
2.0 

l/50 
l.O 

50 

5/50 
2.4 

50 

4/50 
M 

l/50 
2.0 

50 

5/50 
B 

48 

14/48 
1.9 

47 

3/47 
2.0 

0/47 

50 

4/50 
l.O 

39/50* 
2.6 

22/50* 
2.4 

50 

10/50 
2.1 

50 

7/50* 
~I 

4/50 
1.5 

50 

9/50 
B 

46 

10/46 
1.8 

46 

ll/46* 
2.6 

7/46* 
2.6 

Cont 

50 

0/50 

18/50 
2.2 

2/50 
2.0 

50 

6/50 
2.0 

50 

2/50 
t·l 

0/50 

50 

5/50 
B 

49 

15/49 
1.9 

48 

3/48 
2.3 

2/48 
2.5 

FEMALES 
Dose (ppm) 

10 ')0 ---25 ~ 

:;o 

2/50 
1.5 

26/50 
2.5 

0/50 

50 

3/50 
2.0 

50 

2/50 
~! 

2/50 
2.0 

50 

5/50 
B 

50 

20/50 
2.0 

_:}]__~_ 

0/47 

0/47 

50 

22/)0 
2.3 

l/50 
2.0 

.50 

4/5tl 
1.8 

50 

2/50 
~·1 

0/50 

so 

2/5•.l 
13 

50 

18/)0 
2.1 

49 

l/47 
3.0 

0/47 

49 

5/49 
1.4 

38/4 ·* 
2.7 

3/49 
2.0 

50 

17/5 ·* 
2.1 

50 

l/50 
M 

6/50 
1.8 

50 

15/5 * 
B 

50 

29/5 ·* 
1.9 

46 

15/4 . 
2.5 

7/49 
2.9 
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MALES FEMALES 
Dose(ppm) Dose (E.em) 

Organ & Disease coilf ___ 
10 50 --- ·zso Cont 10 -so ---:z_ 0 --- --- ---- ~---- ~--- -

Ulcer, NOS 0/45 l/49 l/47 10/ 46* 1/48 0/47 l/47 14/ 9* 
2.0 3. 0 2.6 3.0 3.0 2.9 

Small Intestin<e· 50 50 50 50 50 50 50 50 ---- ---
Adenocarci no1:. 1 ~ NOS 0/50 0/50 0/50 9/50* 0/50 1/50 0/')0 4/50 

~1 M M 

D i la ted/Dis t '·nc leci 0/50 0/50 2/50 7/50* 2/50 0/50 11/50* 28/5 :l* 
3.0 2.1 2.0 2.0 2.0 

Hyperplasia, i,-:ucosa 0/50 0/50 1/50 22/50* 1/50 0/50 o;::.u 19/'5 J* 
2.0 2.0 4.0 2.3 

-#observed/# ~c-x3minecf;mean of -severit)i~-codes~:l-s)i'B ~ Ber1ign;-M-~l1<1Ligr1anf; ____ _ 
NOS ~ Not Oth·cl "lise Specified; *P<O.OS 

Evalt lion of the carcinogenicity evidence for Tribufos1. 

1. Ccrcinogenicity :;tucly in Crl:CD-1 (ICR)BR mice. 

11 Trib~..-t-~Js was administered in the diet to groups of 50 
male and ' female mice at 0, 10, 50 or 250 ppm for 90 weeks." 

''Neoplastic lE~sions: The significant tumor si.tes were liver, 
lung and :I'd] L intestine. 

Live1 
sign 
( l!DT 

In male mice only there was a statistically 
icant increase in hemangiosarcoma at 250 ppm 

Lung: ln female mic<" only there was a statistically 
sign, 1 -j cant j ncr ease~ in alveolar/bronchiolar adenoma at 
250 1 [iii II!DT). 

Srnal: intestine: There were increases in adenocarcjnoma 
in h• ·ti~; sexes at 2:.0 ppm which "'ere statistically 
sign· t ]_cant in male mice only. 'Phis tumor 'c.ype ] s 
cnsic,c<ecl to be rare in this strain with a reported 
inci, c1cc' of 0/50 in each of three studies at the 
R>~cti: t rdftt 's raci li ty (1980-19!!'•)." 

''Cont}J~.llncl-related non-neoplastic effects included 
stat_i st ic,:,_ll_y significant decreases in brain, plasma and rE:~d 

blood ~ell :~holinesterasse activity, were observed at all 
doses i_n 1 .. Lh sexE·s. Increases j n mortalj ty which occured 

l) Quoted trcJnl thE! Peer Revi_ew document. 
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late in thoe· ;;tudy (betwec'n weeks 72 and 90) in both sexes 
at 25·0 ppr ... ;cere not considered to compromise the study 
findings. 11c Committee concluded that dosing was adequate 
for asses r!:J t.he carcino')en.ic potential of Tribufos. 11 

"The c:ummittee classifi<?d Tribufos as a Qrc?_~P C (poE:sible) 
human carciongen, based on the findings of tumors in both 
sexes at r~Ltipl<? sites in the mousE? study. Although the 
tumors weJ c• later occuri ng, they wert:· malignant in the male· 
liver and i 1 thrc male and female· small intestine ( a rare 
type with.: et background ucurence of 0/50 in both sexes-at: the 
t<?st: i n<J f.J· i L i t:y). 

Anci ~1ry <?vidence from mutagenicity studies did not: 
indicate 1 u::~h concern; SJ\R was unavailable .. However, basE~d on 
the rnultir.I~~ and rare tumor types in 2 sexes and their 
malignanc1, the consensus of the Committee was that a low 
dose extr:,p•llation model applied to the experimantal animal 
tamer 11atL: .~tlould be used for puantification of human risk 
(Ql *) for ., ., bufos." 

A qu~~~:it.ative risk assessment of the mouse turner incidence 
has been F'': funned and the following Ql *s calculated (Petti gre~< 
1993). 

Male 

Small Inte:o;;t:ine 
Adenoca r c toma 

Combined 

Female 

Alveolar/Brvlch iolar 
Adenoma 

_0 ___ 

l/ 49 

G/ 4 7 

l/ 4 7 

5/49 

Dose 
10 

L/ 48 

0/48 

L/48 

5/4 5 

(J2!2m) 
50 250 --- __:~l':_---

4/4 7 4/47 1.136 X 10-1 

0/4 7 9/47 1).479 X 1o-1 

4/4 7 16/47 2.227 X 10-1 

2/44 15/47 1.190 x 10-1 
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